Abstract-In this paper, we proposed a new frequency synchronization method for orthogonal frequency division multiplexing (OFDM) system by using PN sequences. It is the improvement of Tufvesson's method. In the new method the frequency offset is estimation two steps. First a small step (span of the correlation) is used for estimation frequency offset which will result in a larger estimation range but less precise. After the frequency offset has been compensated, the second estimation is conducted which large step. The new algorithm has large estimation range and the estimation is more precise. Performance of the new estimator improved drastically than that of the old one. In AWGN channel the Cramer-Rao bound of the new method is achieved and it coincides with the Cramer-Rao bound of Schmldl's method.
INTRODUCTION
Modern mobile communications system is developing towards faster transmission rate, better transmission quality, higher spectrum efficiency, and larger system capacity. Orthogonal frequency division multiplexing (OFDM) is a promising technology to achieve these qualities [1] . For OFDM, its most attractive property is its effective in combating frequency-selective fading. Therefore it has successfully been used in DAB [2] , DVB [3] and HIPERLAN/2 [4] .
But one of OFDM system disadvantages is its sensitive to frequency offset [5] . The subcarriers orthogonality will be destroyed when the frequency offset exits. Frequency offset will also cause ICI, leading the system performance deteriorating drastically [5] . Several approaches have been used to estimate frequency offset. Van de Beek proposed the frequency offset estimation method without bandwidth waste by using cyclic prefix, but its estimation range does not exceed 0.5 subcarrier spacing [6] . Using repeated data, Moose proposed a method which can accurately estimate the frequency offset, but this will reduce the data transmission rate and the estimation range [5] . Shortening the repeated data length, estimation range will extend at the cost of estimation precision reducing. The frequency offset estimation method proposed by Schmidl and Schmidl can realize coarse frequency offset estimation and fine frequency offset estimation [7] . But its time synchronization is not so good and it needs two symbols for synchronization. Tufvesson proposed the frequency offset estimation approach by using PN sequences [8] . The estimation range of this method is large, and it has good time synchronization properties. Using virtual subcarriers estimates frequency offset with MUSIC [9] [10] or ESPRIT [11] algorithm needn't extra data. It will not cause bandwidth waste, but it need time synchronization as prior.
In this paper we proposed a new method for OFDM frequency offset estimation which is the improvement of Tufvesson's method. Large estimation range and precision estimation can be achieved in the new method. Also this method can be extended for frequency offset estimation where repeated sequences is used as training sequence.
II. SYSTEM DESCRIPTION
We consider an OFDM system implemented by the inverse fast Fourier transform (IFFT) and fast Fourier transform (FFT) . N u subcarriers out of total N subcarriers are used to avoid aliasing effect at the edges of the transmission spectrum. X k is the modulated data on the kth subcarrier. After IFFT the output is . The first N g samples of the transmission data is called cyclic prefix, which is the copy of the last N g samples of the useful part. The length of CP should longer than the time spread of the channel. At the receiver, when the frequency offset is ε and ideal time synchronization, the receiver signal in AWGN channel is
Where n(k) is white Gaussian noise with mean zero and
The received signal SNR is given by 2 2
OFDM is very sensitive to the frequency offset. The orthogonality will be destroyed when frequency offset exists in OFDM system. In AWGN channel, when the frequency offset is ε, the effective SNR on each subcarrier is (when =0, the effect SNR on each subcarrier is SNR) [5] This work is supported 
As it had been researched in [5] , [6] that the frequency accuracy of 1~2% of the subcarrier spacing is necessary in Rayleigh channel and 4% of the subcarrier spacing is necessary in AWGN channel when the influence of frequency offset can be omitted.
III. FREQUENCY OFFSET ESTIMATION
Training sequence is used for frequency offset estimation. The training sequence c [k] with length N is composed of repeated PN sequences m [k] . K is the period of the PN sequence. L is the integer part of N/K. We use the training sequence c[k] for OFDM frequency synchronization. Fig.1 . depicts the structure of the training sequence c [k] . The received signal is
here n[k] is white Gaussian noise with spectral density N 0 . ε is the frequency offset normalized by the subcarrier spacing. When perfect time synchronization is assumed, it can be calculated 
where 
Because the mean of the real part of γ is considerably large than the mean and the variance of the imaginary part, the flowing approximation holds [12] .
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After some algebra calculation, the variance of the frequency estimation can be calculated as [8] ( ) 
The range of frequency offset estimation is limited by parameters K and P. When frequency offset estimation is large, P should be small. The estimation range of the new method is
Large estimation range and precise estimation cannot both be achieved in one step. So we propose a new method for frequency offset estimation in two steps. First we choose a small P for coarse frequency synchronization. Such as we choose P=1, then the estimation of frequency offset is
After the frequency offset has been compensated, a large P (in this step, P is half of L) is selected for fine frequency synchronization. The same training sequence is used for coarse and fine frequency offset estimation. When we choose P=L/2 and the frequency offset ε is small enough (Because a coarse frequency synchronization is finished before, this suppose is credible). Then the estimation of the frequency offset is
The estimation of the frequency offset by the proposed method is ˆˆĉ oarse
The estimation variance of the proposed method is decided by fine frequency synchronization in the second step. In AWGN channel it can be calculated as In the calculation KL≈N is used. The estimation variance of the proposed method is accordance with the Cramer-Rao bound (CRB) in [5] , [7] . From formula (8) and (13) the margin gain in dB of the proposed method to the method when P=1 is selected is about
From the analysis above we know that the method proposed here can be extended to synchronization in any method that uses repeated sequence, and large estimation range and precise estimation can be achieved when L is large than 8.
IV. THE PERFORMANCE OF FREQUENCY SYNCHRONIZATION
In Beyond 3G system carrier frequency is 3.2 G Hz, N=4096, K=127, subcarrier spacing is 5 k Hz and L is 32. Simulations were performed in AWGN channel and multi-path fading channel. And we can find that the simulated values are very close to that of the theory analysis in AWGN channel. In method I P=1 is chose and in method II P=1 is chose first, after frequency offset is estimated and compensated P=L/2 is chose in fine frequency synchronization. 10000 trials were run at each simulation. Fig. 2 and Fig.3 shows the variance of estimation in AWGN channel with different conditions. To compare the performance of method I and II, frequency offset of 3.7 and 10.2 are set. It can be found that the simulations are very close to the nanalysis. And when P is large the analysies is more precise. The performance of method is better than that of method I is because that a coarse frequency is done before and in the second step the span of the correlation data is large. Fig. 4 depicts the variance of estimation in AWGN channel when P=1 and ε=3.7. The performance of method II is very close to the CRB bound for all simulated parameters of SNR. It can be calculated from formula (14) that the margin gain the performance of method II than that of method I is about 6 dB. From Fig.4 we can see that the margin gain of the simulated value is slightly larger than the analysis because the claculation is approximate. Fig. 5 illustrates the variance of estimation in ITU-R M.1225 Outdoor to Indoor channel B [13] with moving speed 5 km/h. It is observed that the performance of method I drastically improved as the SNR increases. For the channel spread and the span of the correlation data of method I is small, the effect of the delay spread to the performance of method I is little. But for Method II, the influence is large. So the performance of method I don't drastically improved as the SNR increases. The performance of method II is much better than that of method I at the same SNR value. But when SNR is larger the margin gain between method II and method I is smaller. Fig. 6 and Fig. 7 illustrates the variance of estimation in ITU-R M.1225 Vehicle channel B [13] with moving speed 5 km/h and 60 km/h respectively. Because the delay spread of ITU-R M.1225 Vehicle channel B is large, it will affect the performance of the two methods. Fig.6 shows that the performance of method I and II doesn't improved drastically as the SNR increases. Fig. 7 shows that the time variable of the channel will drastically affect the performance of method II. When SNR is large than a special value the performance of method II will not improve for the influence of the channel's time variable. Also it can be found that the estimation floor of method II is lower that that of the method I.
V. CONCLUSION
A two-step frequency offset estimation method is proposed in this paper which is the improvement of Tufvesson's method. It provides a much precise estimation without sacrificing the range of the frequency offset estimation. Also the method can be extended to any other methods that use repeated sequence. The simulations in AWGN and multi-path fading channel verified the valid of the algorithm. 
